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5 Methods For Producing Storage Stable Viruses and 

Immunogenic Compositions Thereof 

Field of the Invention 

10 The present invention generally relates to the fields of virology, viral 

formulation and process development. More particularly, the invention relates to 
methods for producing storage stable virus compositions, wherein the compositions 
are storage stable as a lyophilized solid composition or a frozen liquid composition. 

1 5 Background of the Invention 

Human respiratory syncytial virus (RSV) and parainfluenza virus (PIV), 
members of the paramyxovirus family, are major pathogens responsible for severe 
respiratory disease in infants and young children (Glezen et a/., 1981; Chanock etal., 
1992; Martin et a/ M 1978). Two groups of RSV, group A (RSV-A) and group B (RSV- 

20 B), circulate simultaneously during yearly winter epidemics, although a predominance 
of Group A infections is usually noted (McConnochie et a/., 1990; Stark ef a/., 1991). 
PIV type 3 (PIV-3) is a common cause of bronchiolitis, pneumonia and croup. 
Together, RSV and PIV-3 account for up to 30% of all hospitalizations of infants and 
young children for respiratory tract disease (Crowe, 1995). PIV types 1 and 2 (PIV-1 

25 and PIV-2) are also common causes of croup. RSV has also been reported to cause 
significant morbidity in immunocompromised individuals and the elderly. Sixty-five 
million RSV infections occur globally every year, resulting in 160,000 deaths 
(Robbins and Freeman, 1988). In the United States alone, 100,000 children are 
hospitalized annually with severe cases of pneumonia and bronchiolitis resulting from 

30 an RSV infection (Glezen et a/., 1986; Katz, 1985). Inpatient and ambulatory care for 
children with RSV infections in the U.S. was estimated in 1992 to cost in excess of 
$340 million per year (Wertz and Sullender, 1992). The World Health Organization 
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(WHO) (Crowe, 1995) and the National Institute of Allergy and Infectious Disease 
(NIAID) vaccine advisory committees have ranked RSV second only to HIV for 
vaccine development, while the preparation of an efficacious PIV (e.g., PIV type 3) 
vaccine is ranked in the top ten vaccines* considered a priority for vaccine 
5 development. 

Thus, an urgent need remains for the ability to engineer a safe and effective 
RSV and/or PIV vaccine that is able to prevent serious respiratory diseases in 
infants, young children, elderly and the immunocompromised. The use of live 
attenuated RSV and/or PIV to control respiratory disease is one of the more 

10 promising approaches. A number of live attenuated RSV strains have been 
developed and tested in RSV-seronegative children during the past twenty years. 
The most pursued approaches for live attenuation of RSV have been cold-passaged 
(cp) RSV, temperature-sensitive (ts) RSV mutants and cold-passage temperature 
sensitive (cpts) RSV mutants (Kneyber and Kimpen, 2002). RSV mutants such as 

15 cpts-248, cpts-248/404, cpts-530 and PIV-3 mutant cp-45 are currently being 
evaluated in laboratories and clinical trials. 

In addition to a need for the identification and development of an efficacious 
live attenuated RSV, PIV or RSV/PIV combination immunogenic compositions, there 
is currently a need for methods of producing storage stable RSV and/or PIV 

20 compositions and immunogenic compositions thereof. For example, RSV is a heat 
labile virus, which is inactivated in less than three months during storage at -65°C to 
-86°C (Hambling, 1964; Wulff et a/., 1964; Gupta et a/., 1996). It is therefore highly 
desirable to identify methods for producing RSV, PIV or RSV/PIV immunogenic 
compositions which are storage stable. 

25 Furthermore, enhancing the storage stability of other viral immunogenic 

compositions has long been recognized as an important goal for improving the 
impact of vaccines on world health (Melnick and Wallis, 1963; Rasmussen et al., 
1973; Ayra, 2001; Hilleman, 1989; Lemon and Milstein, 1994). There is therefore a 
need in the art of virus formulation and process development for methods of 

30 producing storage stable virus compositions such as herpes simplex virus, 
cytomegalovirus, Epstein-Barr virus, Varicella-Zoster virus, mumps virus, measles 
virus, influenza virus, poliovirus, rhinovirus, adenovirus, hepatitis A virus, hepatitis B 
virus, hepatitis C virus, Norwalk virus, togavirus, alphavirus, rubella virus, rabies 
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virus, Marburg virus, Ebola virus, papilloma virus, polyoma virus, metapneumovirus, 
coronavirus, vesicular stomatitis virus, Venezuelan equine encephalitis virus and the 
like. 

5 SUMMARY OF THE INVENTION 

The present invention broadly relates to processes for producing storage 
stable virus compositions and immunogenic compositions thereof. In certain 
embodiments, the invention is directed to processes for producing storage stable 
virus compositions comprising a respiratory syncytial virus (RSV), a parainfluenza 

10 virus (PIV), or a combination thereof. More particularly, in certain embodiments, the 
invention relates to one or more formulations and process steps which result in 
storage stable virus compositions, wherein the virus composition is storage stable as 
a lyophilized solid composition or a frozen liquid composition. In one particular 
embodiment, the invention relates to one or more formulations and process steps 

15 which result in storage stable RSV, PIV or RSV/PIV compositions, wherein the RSV, 
PIV or RSV/PIV composition is storage stable as a lyophilized solid composition or a 
frozen liquid composition. 

Thus, in certain embodiments, the invention is directed to a process for 
producing a small volume storage stable virus composition. In one particular 

20 embodiment, the invention is directed to a process for producing a small volume 
storage stable virus composition comprising RSV, a PIV, or a combination thereof, 
the process comprising (a) freezing the virus composition below its glass transition 
temperature in a time of about sixty minutes or less and (b) lyophilizing the virus 
composition, wherein the lyophilized virus composition is stable for at least one year 

25 at a storage temperature of about 1°C to about 10°C. In one embodiment, the glass 
transition temperature is a temperature of about -45°C and is reached in a time of 
about sixty minutes or less. In another embodiment, the glass transition temperature 
is a temperature of about -35°C and is reached in a time of about forty minutes or 
less. In still another embodiment, the glass transition temperature of about -35°C is 

30 reached in a time of about twenty minutes or less. In one embodiment, the volume of 
the virus composition is about 0.2 mL to about 1.0 mL In certain embodiments, the 
virus composition is comprised in a suitable container means, wherein the container 
means is further defined as a vial, a tube or a nasal spVay device. In one 
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embodiment, the RSV is further defined as group A RSV (RSV-A), group B RSV 
(RSV-B), or a chimeric recombinant RSV comprising one or more antigens of each of 
group A and B (RSV-AB), and the PIV is further defined as PIV type 1 (PIV-1), PIV 
type 2 (PIV-2) or PIV type 3 (PIV-3). 
5 In certain embodiments, a small volume storage stable virus composition is 

formulated in a 5.0 mM to about 20 mM phosphate buffer solution comprising sodium 
and/or potassium monobasic and dibasic salts and having a pH of about 6.5 to about 
7.8. In other embodiments, the 5.0 mM to about 20 mM phosphate buffer solution 
further comprises about 0.25 mM to about 25 mM N-2-hydroxyethylpiperazine-N'-2- 
10 ethanesulfonic acid (HEPES). In certain other embodiments, the 5.0 mM to about 20 
mM phosphate buffer solution further comprises about 0.01 mM to about 1 mM 
magnesium chloride and about 0.01 mM to about 1 mM calcium chloride. 

In certain embodiments, a small volume storage stable virus composition is 
formulated in a 10 mM phosphate buffer solution comprising sodium and/or 
15 potassium monobasic and dibasic salts and having a pH of about 6.5 to about 7.8. In 
other embodiments, the 10 mM phosphate buffer solution further comprises about 
0.25 mM to about 25 mM HEPES. In certain other embodiments, the 10 mM 
phosphate buffer solution further comprises about 0.01 mM to about 1 mM 
magnesium chloride and about 0.01 mM to about 1 mM calcium chloride. 
20 In one embodiment, the 5.0 mM to about 20 mM phosphate buffer solution 

(pH of about 6.5 to about 7.8) comprising about 0.25 mM to about 25 mM HEPES, 
about 0.01 mM to about 1 mM magnesium chloride and about 0.01 mM to about 1 
mM calcium chloride, further comprises sucrose, L(+)-glutamic acid, L(+)-glutamic 
acid monosodium salt, a mixture of L(+)-glutamic acid and L(+)-glutamic acid 
25 monosodium salt, human albumin (HA) and/or soy peptone. In other embodiments, 
the 5.0 mM to about .20 mM phosphate buffer solution, with a pH of about 6.5 to 
about 7.8, comprising about 0.25 mM to about 25 mM HEPES, about 0.01 mM to 
about 1 mM magnesium chloride, and about 0.01 mM to about 1 mM calcium 
chloride, further comprises about 50 g/L sucrose, about 0.049 mM to about 4.9 mM 
30 L(+)-glutamic acid or about 0.049 mM to about 4.9 mM L(+)-glutamic acid 
monosodium salt or a mixture thereof, and about 1.0 g/L to about 10.0 g/L HA. In 
another embodiment, the about 1 .0 g/L to about 10.0 g/L HA is substituted with about 
50 g/L soy peptone. In still other embodiments, the 5.0 mM to about 20 mM 
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phosphate buffer solution, with a pH of about 6.5 to about 7.8, comprises about 0.25 
mM to about 25 mM HEPES, about 0.01 mM to about 1 mM magnesium chloride, 
about 0.01 mM to about 1 mM calcium chloride, about 50 g/L sucrose, about 0.049 
mM to about 4.9 mM L(+)-glutamic acid or about 0.049 mM to about 4.9 mM 

5 L(+)-gIutamic acid monosodium salt or a mixture thereof, about 1.0 g/L to about 10.0 
g/L HA and about 50 g/L soy peptone. 

In one embodiment, the 10 mM phosphate buffer solution, with a pH of about 
6.5 to about 7.8, comprising about 0.25 mM to about 12.5 mM HEPES, about 0.01 
mM to about 0.5 mM magnesium chloride and about 0.01 mM to about 0.5 mM 

10 calcium chloride, further comprises about 50 g/L sucrose, about 0.049 mM to about 
4.9 mM L(+)-glutamic acid or about 0.049 mM to about 4.9 mM L(+)-glutamic acid 
monosodium salt or a mixture thereof, and about 1.0' g/L to about 10.0 g/L HA. In 
other embodiments, the about 1.0 g/L to about 10.0 g/L HA is substituted with about 
50 g/L soy peptone. In yet other embodiments, the 10 mM phosphate buffer solution, 

15 with a pH of about 6.5 to about 7.8, comprises about 0.25 mM to about 12.5 mM 
HEPES, about 0.01 mM to about 0.5 mM magnesium chloride, about 0.01 mM to 
about 0.5 mM calcium chloride, about 50 g/L sucrose, about 0.049 mM to about 2.45 : 
mM L(+)-glutamic acid or about 0.049 mM to about 2.45 mM L(+)-glutamic acid 
monosodium salt or a mixture thereof, about 1.0 g/L to about 10.0 g/L HA and about 

20 50 g/L soy peptone. 

In one embodiment, the storage temperature of the small volume storage 
stable virus composition is about 5°C. In certain other embodiments, the virus 
composition has less than about a 1 .0 log PFU loss after one year of storage at 
about 1°C to about 10°C. In yet another embodiment, the virus composition is at 

25 least 4.0 log PFU per 0.2 mL after one year of storage at about 1°C to about 10°C. 

In one embodiment, lyophilizing the virus composition is further defined as (a) 
placing about 0.5 mL to 0.6 mL of the virus composition in a vial and cooling to a 
temperature of about 5°C; (b) placing the vial on a lyophilization shelf and decreasing 
the shelf temperature from 5°C to -50°C at a rate of about -1 .0°C per minute to about 

30 -2.0°C per minute; (c) holding the shelf temperature at about -50°C for 60 minutes; 
(d) reducing the lyophilization chamber pressure to 0.10 Torr and holding the shelf 
temperature at about -50°C for 30-60 minutes; (e) increasing the shelf temperature 
from -50°C to 0°C at a rate of about 1.0°C per minute to about 2.0°C at about 0.10 
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Torr and holding the shelf temperature at about 0°C for about 540 minutes to about 
720 minutes; (f) increasing the shelf temperature from 0°C to 15°C at a rate of about 
0.5°C per minute at about 0.10 Torr and holding the shelf temperature at about 15°C 
for about 600 minutes to about 720 minutes and (g) filling the vial with nitrogen gas 
5 and hermetically sealing the vial. 

In another embodiment, lyophilizing the virus composition is further defined as 
(a) placing about 0.5 mL to 0.6 mL of the virus composition in a vial and cooling to a 
temperature of about 5°C; (b) freezing a lyophilization shelf to a temperature of about 
-70°C; (c) placing the vial on the lyophilization shelf and holding the temperature at 

10 about -70°C for about 60 minutes; (d) reducing the lyophilization chamber pressure to 
0.10 Torr and increasing the shelf temperature from -70°C to -50°C at a rate of about 
1.0°C per minute; (e) increasing the shelf temperature from -50°C to 0°C at a rate of 
about 1.0°C per minute to about 2.0°C per minute at about 0.10 Torr and holding the 
shelf temperature at about 0°C for about 540 minutes to about 720 minutes; (f) 

15 .increasing the shelf temperature from 0°C to 15°C at a rate of about 0.5°C per 
minute at about 0.10 Torr and holding the shelf temperature at about 15°C for about 
600 minutes to about 720 minutes and (g) filling the vial with nitrogen gas and 
hermetically sealing the vial. 

• In yet another embodiment, the invention is directed to a process for 

20 producing a bulk (or large) volume, lyophilization stable virus composition. In one 
particular embodiment, the invention is directed to a process for producing a bulk (or 
large) volume, lyophilization stable virus composition comprising RSV, PIV, or a 
combination thereof, the process comprising (a) placing a liquid virus composition 
having a volume of at least 50 mL in a lyophilization tray; (b) freezing the virus 

25 composition in a liquid nitrogen bath for at least twenty minutes and (c) lyophilizing 
the virus composition, wherein the lyophilized virus composition has less than about 
a 0.5 log PFU loss relative to the virus composition before lyophilization. In still other 
embodiments, the bulk volume virus composition is at least 5.0 log PFU per dose 
after lyophilization. In one embodiment, the glass transition temperature is a 

30 temperature of about -35°C. In another embodiment, the glass transition 
temperature is a temperature of about -30°C to about -40°C. In still another 
embodiment, the lyophilization tray is a Lyoguard® lyophilization tray (W. L. Gore and 
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Associates; Newark, DE). in one embodiment, the bulk volume of the virus 
composition is at least 500 mL per Iyophilization tray. In other embodiments, the bulk 
volume of the virus composition is at least 1000 mL per Iyophilization tray. In one 
embodiment, the RSV is further defined as RSV-A, RSV-B, or a chimeric 
5 recombinant RSV comprising one or more antigens of each of group A and B (RSV- 
AB), and the PIV is further defined as PIV-1, PIV-2 or PIV-3. 

In one embodiment, the bulk volume virus composition is formulated in a 5.0 
mM to about 20 mM phosphate buffer solution comprising sodium and/or potassium 
monobasic and dibasic salts and having a pH of about 6.5 to about 7.8. In other 

10 embodiments, the 5.0 mM to about 20 mM phosphate buffer solution further 
comprises about 2.5 mM to about 25 mM HEPES. In certain other embodiments, the 
5.0 mM to about 20 mM phosphate buffer solution further comprises about 0.1 mM to 
about 1 mM magnesium chloride and about 0.1 mM to about 1 mM calcium chloride. 
In certain embodiments, the bulk volume virus composition is formulated in a 

15 10 mM phosphate buffer solution comprising sodium and/or potassium monobasic 
and dibasic salts and having a pH of about 6.5 to about 7.8. In other embodiments, 
the 10 mM phosphate buffer solution further comprises about 2.5 mM to about 25 
mM HEPES. In certain other embodiments, the 10 mM phosphate buffer solution 
further comprises about 0.1 mM to about 1 mM magnesium chloride and about 0.1 

20 mM to about 1 mM calcium chloride. 

In one embodiment, the 5.0 mM to about 20 mM phosphate buffer solution, 
with a pH of about 6.5 to about 7.8, comprising about 2.5 mM to about 25 mM 
HEPES, about 0.1 mM to about 1 mM magnesium chloride and about 0.1 mM to 
about 1 mM calcium chloride, further comprises sucrose, L(+)-glutamic acid, L(+)- 

25 glutamic acid monosodium salt, a mixture of L(+)-glutamic acid and L(+)-glutamic 
acid monosodium salt, human albumin (HA) and/or soy peptone. In other 
embodiments, the 5.0 mM to about 20 mM phosphate buffer solution, with a pH of 
about 6.5 to about 7.8, comprising about 2.5 mM to about 25 mM HEPES, about 0.1 
mM to about 1 mM magnesium chloride and about 0.1 mM to about 1 mM calcium 

30 chloride, further comprises about 50 g/L sucrose, about 0.049 mM to about 4.9 mM 
L(+)-glutamic acid or about 0.049 mM to about 4.9 mM L(+)-glutamic acid 
monosodium salt or a mixture thereof, and about 1.0 g/L to about 10.0 g/L HA. In 
one embodiment, the about 1.0 g/L to about 10.0 g/L HA is substituted with about 50 
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g/L soy peptone. In other embodiments, the 5.0 mM to about 20 mM phosphate 
buffer solution, with a pH of about 6.5 to about 7.8, comprises about 2.5 mM to about 
25 mM HEPES, about 0.1 mM to about 1 mM magnesium chloride, about 0.1 mM to 
about 1 mM calcium chloride, about 50 g/L sucrose, about 0.049 mM to about 4.9 
5 mM L(+)-glutamic acid or about 0.049 mM to about 4.9 mM L(+)-glutamic acid 
monosodium salt or a mixture thereof, about 1.0 g/L to about 10.0 g/L HA and about 
50 g/L soy peptone. 

In still other embodiments, the 10 mM phosphate buffer solution, with a pH of 
about 6.5 to about 7.8, comprising about 2.5 mM to about 12.5 mM HEPES, about 

10 0.1 mM to about 0.5 mM magnesium chloride and about 0.1 mM to about 0.5 mM 
calcium chloride, further comprises about 50 g/L sucrose, about 0.049 mM to 2.45 
mM L(+)-glutamic acid or about 0.049 mM to about 2.45 mM L(+)-glutamic acid 
monosodium salt or a mixture thereof, and about 1.0 g/L to about 10.0 g/L HA. In yet 
other embodiments, the about 1.0 g/L to about 10.0 g/L HA is substituted with about 

15 50 g/L soy peptone. In yet another embodiments, the 10 mM phosphate buffer 
solution, with a pH of about 6.5 to about 7.8, comprises about 2.5 mM to about 12.5 
mM HEPES, about 0.1 mM to about 0.5 mM magnesium chloride, about 0.1 mM to 
about 0.5 mM calcium chloride, about 50 g/L sucrose, about 0.049 mM to 2.45 mM 
L(+)-glutamic acid or about 0.049 mM to about 2.45 mM L(+)-glutamic acid 

20 monosodium salt or a mixture thereof, about 1.0 g/L to about 10.0 g/L HA and about 
50 g/L soy peptone. 

In certain other embodiments, lyophilizing the bulk volume virus composition 
is further defined as (a) placing the lyophilization tray comprising the frozen virus 
composition at a temperature of about -50°C on a lyophilization shelf pre-cooled to a 

25 temperature of about -50°C and holding the temperature for about 60 minutes; (b) 
reducing chamber pressure to 0.10 Torr and increasing the shelf temperature from 
-50°C to -23°C at a rate of about 0.23°C per minute at about 0.10 Torr; (c) holding 
the shelf temperature at about -23°C for about 80 hours to about 100 hours; (d) 
reducing the lyophilization chamber pressure to 0.02 Torr and increasing the shelf 

30 temperature from -23°C to 15°C at a rate of about 0.23°C per minute; (e) holding the 
shelf temperature at about 15°C and at about 0.02 Torr for about 30 hours to about 
40 hours; (f) increasing the shelf temperature from 15°C to 25°C at a rate of about 
0.1 7°C per minute at 0.02 Torr; (g) holding the shelf temperature at about 25°C and 
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at about 0.02 Torr for about 10 hours and (h) filling the chamber with nitrogen gas 
and hermetically sealing the tray under nitrogen gas in an aluminum pouch. 

In other embodiments, lyophilizing the bulk volume virus composition is 
further defined as (a) placing the tray comprising the frozen virus composition at a 

5 temperature of about -70°C on a lyophilization shelf pre-cooled to a temperature of 
about -70°C and holding the temperature for about 60 minutes; (b) reducing chamber 
pressure to 0.10 Torr and increasing the shelf temperature from -70°C to -23°C at a 
rate of about 0.23°C per minute; (c) holding the shelf temperature at about -23°C at 
about 0.10 Torr for about 80 to 100 hours; (d) reducing chamber pressure to 0.02 

10 Torr and increasing the shelf temperature from -23°C to 15°C at a rate of about 
0.23°C per minute; (e) holding the temperature at about 15°C and 0.02 Torr for about 
30 to 40 hours; (f) increasing the shelf temperature from 15°C to 25°C at a rate of 
about 0.1 7°C per minute at 0.020 Torr; (g) holding the temperature at about 25°C for 
about 10 hours and (h) filling the chamber with nitrogen gas and hermetically sealing 

15 the tray under nitrogen gas in an aluminum pouch. 

In other embodiments, the invention is directed to a process for producing a 
storage stable frozen liquid virus composition. In one particular embodiment, the 
invention is directed to a process for producing a storage stable frozen liquid virus 
composition comprising RSV, PIV, or a combination thereof, the process comprising 

20 (a) equilibrating a metal plate in a liquid nitrogen bath; (b) placing a liquid virus 
composition in a suitable container means; (c) inserting the container of step (b) into 
a metal holder; (d) placing the metal holder on the equilibrated metal plate of step (a) 
for about ten minutes; (e) removing the container from the metal holder and (f) 
storing the container at temperature from about -20°C to about -70°C, wherein the 

25 virus composition after steps (a) through (f) has less than about a 0.5 log PFU loss 
after 6 months storage. In certain embodiments, the container means is a nasal 
spray device. In one embodiment, the nasal spray device is a BD Accuspray™ nasal 
spray device (BD Medical Pharmaceutical Systems; Franklin Lakes, NJ). In another 
embodiment, the metal holder is aluminum. In still another embodiment, the metal 

30 holder is stainless steel. In other embodiments, the virus composition is at least 4.0 
log PFU/0.2 mL after steps (a) through (f). In yet another embodiment, the virus 
composition is at least 4.0 log PFU/0.2 mL after a six month storage at a temperature 
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of -20°C. In other embodiments, the virus composition is at least 4.0 log PFU/0.2 mL 
after a six month storage at a temperature of -70°C. In certain embodiments, the 
liquid virus composition is formulated in the absence of a protein stabilizer. In one 
embodiment, the RSV is further defined as RSV-A, RSV-B, or a chimeric 
5 recombinant RSV comprising one or more antigens of each of group A and B (RSV- 
AB), and the PIV is further defined as PIV-1 , PIV-2 or PIV-3. 

In certain other embodiments, the liquid virus composition is formulated in a 
5.0 mM to about 20 mM phosphate buffer solution comprising sodium and/or 
potassium monobasic and dibasic salts and having a pH of about 6.5 to about 7.8. . In 
10 other embodiments, the 5.0 mM to about 20 mM phosphate buffer solution further 
comprises about 0.25 mM to about 25 mM HEPES. In certain other embodiments, 
the 5.0 mM to about 20 mM phosphate buffer solution further comprises about 0.01 
mM to about 1 mM magnesium chloride and about 0.01 mM to about 1 mM calcium 
chloride. 

15 In certain embodiments, the liquid virus composition is formulated in a 10 mM 

phosphate buffer solution comprising sodium and/or potassium monobasic and 
dibasic salts and having a pH of about 6.5 to about 7.8. In other embodiments, the 
10 mM phosphate buffer solution further comprises about 0.25 mM to about 25 mM 
HEPES. In certain other embodiments, the 10 mM phosphate buffer solution further 

20 comprises about 0.01 mM to about 1 mM magnesium chloride and about 0.01 mM to 
about 1 mM calcium chloride. 

In one embodiment, the 5.0 mM to about 20 mM phosphate buffer solution, 
with a pH of about 6.5 to about 7.8, comprising about 0.25 mM to about 25 mM 
HEPES, about 0.01 mM to about 1 mM magnesium chloride and about 0.01 mM to 

25 about 1 mM calcium chloride, further comprises sucrose and L(+)-glutamic acid, 
L(+)-glutamic acid monosodium salt or a mixture thereof. In other embodiments, the 
5.0 mM to about 20 mM phosphate buffer solution, with a pH of about 6.5 to about 
7^8, comprising about 0.25 mM to about 25 mM HEPES, about 0.01 mM to about 1 
mM magnesium chloride and about 0.01 mM to about 1 mM calcium chloride, further 

30 comprises about 75 g/L sucrose and about 4.9 mM L(+)-glutamic acid or about 4.9 
mM L(+)-glutamic acid monosodium salt or about a 4.9 mM mixture of L(+)-glutamic 
acid and L(+)-glutamic acid monosodium salt. 
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in still other embodiments, the 10 mM phosphate buffer solution, with a pH of 
about 6.5 to about 7.8, comprising about 0.25 mM to about 25 mM HEPES, about 
0.01 mM to about 1 mM magnesium chloride and about 0.01 mM to about 1 mM 
calcium chloride, further comprises about 75 g/L sucrose and about 4.9 mM 

5 L(+)-glutamic # acid or about 4.9 mM L(+)-glutamic acid monosodium salt or about a 
4.9 mM mixture of L(+)-gIutamic acid and L(+)-glutamic acid monosodium salt. 

In another embodiment, the invention is directed to a small volume lyophilized 
virus composition produced according to the process of freezing a virus composition 
below its glass transition temperature in a time of sixty minutes or less and 

10 lyophilizing the virus composition, wherein the lyophilized virus composition is a 
stable for at least one year at a storage temperature of about 1°C to about 10°C. 

In yet another embodiment, the invention is directed to a bulk volume 
lyophilized virus composition produced according to the* process of placing a liquid 
virus composition having a volume of at least 50 mL in a lyophilization tray; freezing 

15 the virus composition below its glass transition temperature for at least about twenty 
minutes in a liquid nitrogen bath, and lyophilizing the virus composition, wherein the 
lyophilized virus composition has less than about a 0.5 log PFU loss relative to the 
virus composition before lyophilization. 

In still another embodiment, the invention is directed to a storage stable 

20 frozen liquid virus composition produced according to the process of (a) equilibrating 
a metal plate in a liquid nitrogen bath; (b) placing a liquid virus composition in a 
suitable container means; (c) inserting the container of step (b) into a metal holder; 
(d) placing the metal holder on the equilibrated metal plate of step (a) for about ten 
minutes; (e) removing the container from the metal holder and (f) storing the 

25 container at temperature frpm about -20°C to about -70°C, wherein the virus 
composition after steps (a) through (f) has less than about a 0.5 log PFU loss after 6 
months storage. 

In certain other embodiments, the invention is directed to an immunogenic 
composition comprising a virus composition produced according to a lyophilization 
30 process of the invention, wherein the virus is dissolved, diluted or suspended in a 
pharmaceutical^ acceptable carrier. 
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In other embodiments, the invention is directed to an immunogenic 
composition comprising a frozen liquid virus composition produced according to a 
process of the invention. 

Other features and advantages of the invention will be apparent from the 
5 following detailed description, from the preferred embodiments thereof, and from the 
claims. 

Brief Description of the Figures 

Figure 1 shows a schematic representation of the positioning of the BD 
10 Accuspray™ devices in the 96 well aluminum holder that was used to freeze 
formulations, which is labeled as follows: (1) an aluminum or steel holder, (2) 
formulation filled into the device, (3) BD Accuspray device, (4) stoppers and (5) 
empty wells. 

Figure 2 shows the kinetics of freezing a formulation in a -70°C freezer 
15 versus freezing the same formulation with liquid nitrogen. The liquid formulation was 
added to a BD Accuspray™ device and freezing was performed by placing the 
aluminum holder on a metal surface cooled by liquid nitrogen or by placing the 
aluminum holder on a shelf of a -70°C freezer. 

20 Detailed Description of the Invention 

The invention described hereinafter, addresses a need in the art for methods 
of producing storage stable virus compositions. In certain embodiments, invention 
described hereinafter, addresses a need in the art for methods of producing storage 
stable virus compositions comprising respiratory syncytial virus (RSV), a 

25 parainfluenza virus (PIV), or a combination thereof, for use in immunogenic 
compositions which prevent or ameliorate respiratory disease in infants, young 
children, the elderly and immunocompromised. 

In certain other embodiments, the invention addresses a need in the art for 
methods of producing storage stable virus compositions comprising one or more 

30 viruses such as herpes simplex virus, cytomegalovirus, Epstein-Barr virus, Varicella- 
Zoster virus, mumps virus, measles virus, influenza virus, poliovirus, rhinovirus, 
adenovirus, hepatitis A virus, hepatitis B virus, hepatitis C virus, Norwalk virus, 
togavirus, alphavirus, rubella virus, rabies virus, Marburg virus, Ebola virus, 
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papilloma virus, polyoma virus, metapneumovirus, coronavirus, vesicular stomatitis 
virus, Venezuelan equine encephalitis virus and the like, for use in immunogenic 
compositions which prevent or ameliorate disease caused by one or more of these 
viruses. 

5 Thus, in certain embodiments, the invention is directed to methods for 

producing small volumes of lyophilized virus compositions. In one particular 
embodiment, the invention is directed to methods for producing small volumes of 
lyophilized virus compositions, wherein the lyophilized composition is storage stable 
for at least one year at a storage temperature of about 1°C to about 10°C. In certain 

10 other embodiments, the invention is directed to methods for producing large (or bulk) 
volumes of lyophilized virus compositions. In particular embodiments, the invention 
is directed to methods for producing large (or bulk) volumes of lyophilized virus 
compositions, wherein the lyophilized composition has less than about a 0.5 log 
plaque-forming units (PFU) loss relative to the composition before lyophilization. In 

15 another embodiment, the invention is directed to methods for producing frozen liquid 
virus compositions. In certain embodiments, the invention is directed to methods for 
producing frozen liquid virus compositions, wherein the composition has less than 
about a 0.5 log PFU loss after six months storage. In other embodiments, the 
invention provides storage stable virus compositions produced according to the 

20 methods of the invention. In other embodiments, the invention provides 
immunogenic compositions produced according to the methods of the invention. 

A. Virus Compositions 

RSV belongs to the genus Pneumoviridae, which is classified within the family 
25 of Paramyxoviridae. The virion contains a single stranded negative sense RNA of 
15,222 base pairs which codes for ten viral proteins. These ten proteins comprise 
three envelope-associated glycoproteins termed G, F and SH; two matrix proteins M 
and M2, three nucleocapsid proteins L, N and P and the nonstructural proteins 1B 
andlC. 

30 Two groups of RSV, group A and group B, are identified on the basis of 

antigenic differences in the G protein and to a lesser extent the F protein. Antigenic 
differences can be found within the two groups. The G protein shows a high degree 
of variation with only 53% amino acid homology between RSV groups A and B and 
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up to 20% differences in G protein sequences within RSV group A. Hereinafter, 
"RSV group A" is represented as M RSV-A" and "RSV group B" is represented as 
tt RSV-B". 

A storage stable RSV composition (or RSV/PIV combination) produced 
5 according to one of the methods of the invention is any attenuated RSV (e.g., 
attenuated RSV-A and attenuated RSV-B) which includes, but is not limited to, cold- 
passaged RSV mutants (cpRSV), temperature-sensitive RSV mutants (fsRSV), cold- 
passaged temperature-sensitive RSV mutants (cpfsRSV), cold-adapted RSV mutants 
(caRSV), small-plaque RSV mutants (spRSV), and the like. For example, U.S. 

10 Patent Nos. 5,882,651, 5,932,222, 5,993,824, 6,077,514 and 6,284,254, each of 
which is incorporated herein by reference in its entirety, describe methods for 
producing various attenuated RSV phenotypes. In a preferred embodiment, an 
attenuated RSV of the invention is cpfsRSV 248/404 (ATCC VR2452), also known as 
LRSV-404 and all recombinant modifications made from this strain including 

15 recombinant RSV-AB strains. Other exemplary RSV strains of the invention include: 
(a) rA2cp248/404ASH (also known as LRSV T rA36); (b) rA2cp248/404/1030ASH (also 
known as LRSV-rA38); (c) rA2cp248/404/1030 (also known as LRSV-rA39); (d) 
rA2cp248/404ANS2 (also known as LRSV-rA41); (e) rABcp248/404/1030 (also 
known as LRSV-rAB1); (f) rABcp248/404ASH (also known as LRSV-rAB2); (g) 

20 rABcp248/404ANS2 (also known as LRSV-rAB4); (h) cpfsRSV 530/1009 (ATCC 
VR2451) and all recombinant modifications made from this strain including 
recombinant RSV-AB strains such as rA2cp530/1009ANS2 (also known as LRSV- 
rA42); rA2cp530/1 009/404 (also known as LRSV-rA43); rABcp530/1009ANS2 (also 
known as LRSV-rAB3) and rABcp530/1 009/404 (also known as LRSV-rAB6). 

25 Human parainfluenza virus type 3 (PIV-3) is a member of the recently named 

Respirovirus genus of the Paramyxoviridae family. Its genome is a single strand of 
negative-sense RNA 15,462 nucleotides in length. At least eight proteins are 
encoded by PIV-3: the nucleocapsid protein NP, the phosphoprotein P, the 
nonstructural protein C, the D protein, the matrix protein M, the fusion glycoprotein F, 

30 the hemagglutinin-neuraminidase protein HN, and the large polymerase protein L. 
The HN and F proteins are envelope-associated, surface glycoproteins, which are 
the major neutralization and protective antigens. The significant sequence 
divergence between comparable PIV HN or F proteins among the PIV types (e.g., 
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type 1, 2 and 3) is thought to be the basis for the type specificity of the protective 
immunity. 

Human parainfluenza virus type 1 (PIV-1) is another member of the 
Respirovirus genus of the Paramyxoviridae. Its genome is a single strand of 
5 negative-sense RNA approximately 15,600 nucleotides in length. The order of gene 
products encoded by PIV-1 includes the nucleocapsid protein NP, the 
phosphoprotein P (and numerous other gene products encoded by the P open 
reading frame), the matrix protein M, the fusion glycoprotein F, the hemagglutinin- 
neuraminidase protein HN, and the large polymerase protein L. 

10 Human parainfluenza virus type 2 (PIV-2) is a member of the Rubulavirus 

genus of the Paramyxoviridae. Its genome is a single strand of negative-sense RNA 
approximate^ 5,654 nucleotides in length. The order of gene products encoded by 
PIV-2 includes the nucleocapsid protein NP, the phosphoprotein P, the V protein, the 
matrix protein M, the fusion glycoprotein F, the hemagglutinin-neuraminidase protein 

15 HN, and the large polymerase protein L. 

A storage stable PIV composition (or RSV/PIV combination) produced 
according to one of the methods of the invention is any attenuated PIV, which 
includes, but is not limited to, cold-passaged PIV mutants (cpPIV), temperature- 
sensitive PIV mutants (fsPIV), cold-passaged temperature-sensitive PIV mutants 

20 (cpfsPIV), cold-adapted PIV mutants (caPIV), small-plaque PIV mutants (spPIV) and 
the like. In a preferred embodiment, an attenuated PIV of the invention is the cold- 
passaged PIV-3 mutant of the JS wild-type strain designated cp-45 (or JS cp45). In 
other preferred embodiments, the PIV-3 cp-45 mutant is further attenuated using the 
"menu" of attenuating PIV-3 mutations described in U.S. Patent Nos. 6,410,023 and 

25 5,869,036 (each incorporated herein by reference). 

In other embodiments, a storage stable virus composition produced according 
to one of the methods of the invention includes, but is not limited to, one or more of 
the viruses, or vectors thereof, set forth in Table 1 . 
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Table 1 
Virus Families 

I. Picornaviridae 

Enteroviruses 

Poliovirus 

Coxsackievirus 

Echovirus 

Rhinoviruses 

Hepatitis A Virus 

II. Caliciviridae 
Norwalk group of viruses 

III. Togaviridae and Flaviviridae 
Togaviruses (e.g., Dengue virus) 
Alphaviruses 

Flaviviruses (e.g., Hepatitis C virus) " 
Rubella virus 

IV. Coronaviridae ~~ 1 
Coronaviruses 

V. Rhabdoviridae 
Rabies virus 

VI. Filovlrldae 
Marburg viruses 
Ebola viruses 

VII. Paramyxoviridae 
Parainfluenza virus 
Mumps virus 
Measles virus 
Respiratory syncytial virus 
Metapneumovirus 

VIII. Orthomyxoviridae 
Orthomyxoviruses (e.g., Influenza virus) 

IX. Bunyavirldae 
Bunyaviruses 

X. Arenaviridae 
Arenaviruses 
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Table 1 (Continued) 

Virus Families 

XI. Reoviridae 

Reoviruses 

Rotaviruses 

Orbiviruses 

XIL Retrovlridae 

Human T Cell Leukemia Virus type I 

Human T Cell Leukemia Virus type II 

Human Immunodeficiency Viruses (e.g., type I and 

type II 

Simian Immunodeficiency Virus 
Lentiviruses 

XIII. Papoviridae 
Polyomaviruses 
Papillomaviruses 

XIV. Parvoviridae 
Parvoviruses 

XV. Herpesviridae 
Herpes Simplex Viruses 
Epstein-Barr virus 
Cytomegalovirus 
Varicella-Zoster virus 
Human Herpesvirus-6 
human herpesvirus-7 
Cercopithecine Herpes Virus 1 (B virus) 

XVI. Poxviridae 
Poxviruses 

XVIII. Hepadnaviridae 

Hepatitis B virus 

XIX. Adenoviridae 



B. Small Volumes of Storage Stable Virus 

5 In certain embodiments, the invention is directed to a process for producing 

small volumes of storage stable virus compositions. In one embodiment, the 
invention is directed to a process for producing small volumes of storage stable virus 
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compositions comprising RSV, PIV, or a combination thereof. The process 
comprises freezing the virus composition below its glass transition temperature (T g ) 
in a time of sixty minutes or less and lyophilizing the virus composition. The 
lyophilized virus composition, which is a solid powder or cake, is stable for at least 

5 one year at a storage temperature of about 1°C to about 10°C. Small volumes of 
storage stable lyophilized virus compositions are of particular utility as single or multi- 
dosage immunogenic compositions, wherein the lyophilized powder is stored for a 
given amount of time. 

A "small volume" of a virus composition is between about 100 nL to about 5 

10 mL. In certain embodiments, a small volume virus composition is between about 200 
\xL to about 1 mL. In one embodiment, the volume of a virus composition is 500 pL. 

Thus in certain embodiments, a small volume virus composition is frozen and 
lyophilized in a suitable container means. Typically, a suitable container means, with 
respect to small volume virus compositions, is a container which can withstand the 

15 freezing and lyophilizatibn temperatures and vacuum pressures. For example, a 
suitable container means for the production of small volume storage stable 
compositions is a vial, a tube, a syringe, a two-stage syringe or a nasal spray device. 
See for example U.S. Patent Nos. 5,489,266, 5,732,837 and 4,084,330, each of 
which is hereby incorporated by reference in its entirety. Additional container means 

20 for lyophilization are known and readily available to one of skill in the art. 

1. Small Volume Virus Formulation 

As defined hereinafter, a "RSV composition", a "PIV composition" or a 
"RSV/PIV composition" comprises the virus (/.e. f RSV, PIV or RSV/PIV), typically 

25 about 10 3 to 10 7 PFU of attenuated virus per mL and a pharmaceutical^ acceptable 
carrier. A pharmaceutical^ acceptable carrier includes buffers, saline solutions, 
water, water for injection (WFI), protein stabilizers, sugars, amino acids, 
cryoprotectants, and the like. 

A small volume virus composition is formulated in a 5.0 mM to about 20 mM 

30 phosphate buffer solution comprising sodium and/or potassium monobasic and 
dibasic salts and having a pH of about 6.5 to about 7.8. In certain formulations, the 
5.0 mM to about 20 mM phosphate buffer solution further comprises about 0.25 mM 
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to about 25 mM HEPES, about 0.01 mM to about 1 mM magnesium chloride and 
about 0.01 mM to about 1 mM calcium chloride. 

In certain formulations, a small volume virus composition formulated in a 5.0 
mM to about 20 mM phosphate buffer (pH of about 6.5 to about 7.8) comprising 

5 about 0.25 mM to about 25 mM HEPES, about 0.01 mM to about 1 mM magnesium 
chloride, about 0.01 mM to about 1 mM calcium chloride, further comprises sucrose, 
L(+)-glutamic acid, L(+)-glutamic acid monosodium salt or a mixture thereof, human 
albumin (HA) and/or soy peptone. In certain other formulations, the 10 mM 
phosphate buffer solution (pH of about 6.5 to about 7.8) comprising about 0.25 mM to 

10 about 12.5 mM HEPES, about 0.01 mM to about 0.5 mM magnesium chloride and 
about 0.01 mM to about 0.5 mM calcium chloride, further comprises about 0.049 mM 
to about 2.45 mM L(+)-glutamic acid or about 0.049 mM to about 2.45 mM ■ 
L(+)-glutamic acid monosodium salt or a mixture thereof, about 50 g/L sucrose and 
about 1 .0 g/L to about 1 0.0 g/L HA. In other certain formulations, the about 1 .0 g/L to 

15 10.0 g/L HA is substituted with about 50 g/L soy peptone (also known as Hy-Soy®; 
Quest International; Chicago, IL). In another formulation, the stable small volume 
virus compositions is formulated in the 5.0 mM to about 20 mM phosphate buffer 
solution (pH of about 6.5 to about 7.8) comprising about 0.25 mM to about 25 mM 
HEPES, about 0.01 mM to about 1 mM magnesium chloride, about 0.01 mM to about 

20 1 mM calcium chloride, about .50 g/L sucrose, about 0.049 mM to about 4.9 mM 
L(+)-glutamic acid or about 0.049 mM to about 4.9 mM L(+)-glutamic acid 
monosodium salt or a mixture thereof, about 1.0 g/L to about 10.0 g/L HA and about 
50 g/L soy peptone. 

25 2. Small Volume Virus Freezing Rate and Lyophilization 

As stated supra, the process for producing a small volume storage stable 
virus composition comprises (a) freezing the virus composition below its glass 
transition temperature (T g ) in a time of sixty minutes or less and (b) lyophilizing the 
virus composition, wherein the lyophilized virus composition is a stable for at least 
30 one year at a storage temperature of about 1°C to about 10°C. 

The T g of a virus composition is typically about -35°C. The T g of a virus 
composition is lower than about -35°C (e.g., about -42°C) in the presence of "carry 
over" salts such as sodium chloride. For example, sodium chloride is a component of 
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the virus growth medium, but is not a component of the small volume formulation. 
Thus, certain virus formulations will contain residual quantities (i.e., a "carry over") of 
sodium chloride, and as such the T g may be lower than about -35°C, but is typically 
not lower than about -50°C. 

5 The term "glass transition temperature" or "T g " refers to the approximate 

midpoint of the temperature range over which the transition from a liquid to a glass 
state occurs. The rate at which the virus composition reaches its T g is critical for 
virus stability during lyophilization (e.g., see Example 2) and for long term virus 
storage stability (e.g., see Example 3). Stated another way, a faster freezing rate* 

10 results in a more stable virus composition, thereby resulting in a smaller potency loss 
of the virus composition. 

The term "freezing rate" refers to the rate at which the virus composition 
reaches its Tg. The freezing rate can be calculated as an approximate rate of 
temperature reduction during freezing. For example, if an initial temperature of a 

15 virus composition was 5°C and it was frozen to its Tg of -35°C in a time of 40 
minutes, the "freezing rate" would be -1°C/minute. At similar conditions the:kinetics 
of freezing can vary among individual containers or, in case of bulk volumes, exhibit 
deviations at different points. Thus, the freezing rate is an average rate of freezing 
observed in containers or measured at different locations of the material loaded on a 

20 tray. 

The freezing rate of a small volume virus composition is about -0.5°C/minute 
to about -2.5°C/minute. In one embodiment, the T g is reached in a time of sixty 
minutes or less. In another embodiment, the T g is reached in a time of forty minutes 
or less. In still another embodiment, the T g is reached in a time of twenty minutes or 
25 less. The T g of a virus composition is readily determined by one of skill in the art 
without undue experimentation, using for example, thermodynamic measurements 
such as differential scanning calorimetry (DSC) (Hatley, 1992; Franks, 1992; 
Carpenter, 2002). 

In one embodiment, a lyophilization vial comprising a small volume virus 
30 composition is pre-cooled to a temperature of about 5°C. The vial containing the pre- 
cooled virus composition is then placed on a lyophilization shelf and frozen to a 
temperature of at least -50°C, at a rate of about -1 °C/minute to about -2°C/minute. In 
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other embodiments, the vial containing pre-cooled virus composition is placed 
directly on a lyophilization shelf pre-frozen to a temperature of -70°C. 

Lyophilization (or freeze-d rying) is a dehydration technique in which the 
sample solution (e.g., a RSV/PIV composition) is frozen and the solvent (e.g., water 
5 or buffer) is removed by sublimation by applying high vacuum. The technique of 
lyophilization is well known to one of skill in the art (Rey and May, 1999). 

In one embodiment, a lyophilized small volume virus composition is prepared 
as follows: (a) placing about 0.5 mL to 0.6 mL of the virus composition in a vial and 
cooling to a temperature of about 5°C; (b) placing the vial on a lyophilization shelf 

10 and decreasing the shelf temperature from 5°C to -50°C at a rate of about -1 .0°C per 
minute to about -2.0 °C per minute; (c) holding the shelf temperature at about -50°C 
for 60 minutes; (d) reducing chamber pressure to 0.10 Torr and holding the shelf 
temperature at about -50°C for 30-60 minutes; (e) increasing the shelf temperature 
from -50°C to 0°C at a rate of about 1.0°C per minute to about 2.0°C at about 0.10 

15 Torr and holding the shelf temperature at about 0°C for about 540 minutes to about 
720 minutes; (f) increasing the shelf temperature from 0°C to 1 5°C at a rate of about 
0.5°C per minute at about 0.10 Torr and holding the shelf temperature at about 15°C 
for about 600 minutes to about 720 minutes and (g) filling the vial, with nitrogen gas 
and hermetically sealing the vial. 

20 In another embodiment, lyophilizing the virus composition is prepared as 

follows: (a) placing about 0.5 mL to 0.6 mL of the virus composition in a vial and 
cooling to a temperature of about 5°C; (b) freezing a lyophilization shelf to a 
temperature of about -70°C; (c) placing the vial on the lyophilization shelf and holding 
the temperature at about -70°C for about 60 minutes; (d) reducing chamber pressure 

25 to 0.10 Torr and increasing the shelf temperature from -70°C to -50°C at a rate of 
about 1.0°C per minute; (e) increasing the shelf temperature from -50°C to 0°C at a 
rate of about 1.0°C per minute to about 2.0°C per minute at about 0.10 Torr and 
holding the shelf temperature at about 0°C for about 540 minutes to about 720 
minutes; (f) increasing the shelf temperature from 0°C to 15°C at a rate of about 

30 0.5°C per minute at about 0.10 Torr and holding the shelf temperature at about 15°C 
for about 600 minutes to about 720 minutes and (g) filling the vial with nitrogen gas 
and hermetically sealing the vial. 
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The lyophilized small volume vims composition (/.e., the lyophilized cake) has 
less than about a 1.0 log PFU loss resulting from lyophilization and less than about a 
1.0 log PFU loss after one year of storage at about 1°C to about 10°C (e.g., see 
Example 2, Example 3 and Tables 2 and 4-7). In yet another embodiment, the 
5 lyophilized small volume virus composition is at least 4.0 log PFU per 0.2 mL after 
one year of storage at about 1°C to about 10°C. 

C. Bulk Volumes of Lyophilization Stable Virus Compositions 

In another embodiment, the invention is directed to a process for producing 

10 bulk (or large) volumes of a lyophilization stable virus compositions. In one 
embodiment, the invention is directed to a process for producing bulk (or large) 
volumes of a lyophilization stable virus compositions comprising RSV, PIV, or a 
combination thereof. The process comprises (a) placing a liquid virus composition 
having a volume of at least 50 mL in a lyophilization tray (b) freezing the virus 

15 composition below its T g for at least about twenty minutes in a liquid nitrogen bath 
and (c) lyophilizing the virus composition. The lyophilized virus composition has less 
than about a 0.5 log PFU loss relative to the virus composition before the 
lyophilization process. The process for producing bulk volumes of the lyophilization 
stable virus compositions is of particular utility during the large scale 

20 production/manufacture of said virus compositions. 

As defined hereinafter, a "bulk" volume or a "large" volume of a virus 
composition is between about 50 mL to about 2 L per lyophilization tray. In certain 
embodiments, a . bulk volume is between about 250 mL to about 1 mL per 
lyophilization tray. In one particular embodiment, a bulk volume virus composition is 

25 1 L per lyophilization tray. 

1 . Bulk Volume Virus Formulation 

A bulk volume virus composition is formulated with a pharmaceutically 
acceptable carrier which includes buffers, saline solutions, water, water for injection 
30 (WFI), protein stabilizers, sugars, amino acids, cryoprotectants, and the like. 

In one embodiment, a bulk volume virus composition is formulated in a 
phosphate buffer solution comprising sodium and/or potassium monobasic and 
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dibasic salts. The concentration of the phosphate buffer is about 5.0 mM to about 20 
mM, with a pH range of about 6.5 to about 7.8. 

In other embodiments, the 5.0 mM to about 20 mM phosphate buffer solution 
further comprises about 2.5 mM to about 25 mM HEPES. In certain other 

5 embodiments, the 5.0 mM to about 20 mM phosphate buffer solution further 
comprises about 0.1 mM to about 1 mM magnesium chloride and about 0.1 mM to 
about 1 mM calcium chloride. 

In certain embodiments, the bulk volume virus composition is formulated in a 
10 mM phosphate buffer (pH of about 6.5 to about 7.8) and further comprises about 

10 2.5 mM to about 12.5 mM HEPES. In certain other embodiments, the. 10 mM 
phosphate buffer solution further comprises about 0.1 mM to about 0.5 mM 
magnesium chloride and about 0.1 mM to about 0.5 mM calcium chloride. 

In one embodiment, the 5.0 mM to about 20 mM phosphate buffer solution 
(pH 6.5 to 7.8, 2.5-25 mM HEPES, 0.1-1.0 mM magnesium chloride, 0:1-1.0 mM 

15 calcium chloride) further comprises sucrose, L(+)-glutamic acid, L(+)-glutamic acid 
monosodium salt or a mixture thereof, human albumin (HA) and/or soy peptone. In 
another embodiment, the 10 mM phosphate buffer solution (pH 6.5 to 7.8, 2.5-12.5 
mM HEPES, 0.1-0.5 mM magnesium chloride, 0.1-0.5 mM calcium chloride) further 
comprises about 50 g/L sucrose, about 0.049 mM to about 2.45 mM L(+)-glutamic 

20 acid or about 0.049 mM to about 2.45 mM L(+)-glutamic acid monosodium salt or a 
mixture thereof, and about 1.0 g/L to about 10.0 g/L HA. In one embodiment, the 
about 1.0 g/L to about 10.0 g/L HA is substituted with about 50 g/L soy peptone. In 
yet other embodiments, the 10 mM phosphate buffer solution (pH of about 6.5 to 
about 7.8) comprises about 2.5 mM to about 12.5 mM HEPES, about 0.1 mM to 

25 about 0.5 mM magnesium chloride, about 0.1 mM to about 0.5 mM calcium chloride, 
about 50 g/L sucrose, about 0.049 mM to about 2.45 mM L(+)-glutamic acid or about 
0.049 mM to about 2.45 mM L(+)-glutamic acid monosodium salt or a mixture 
thereof, about 1 .0 g/L to about 10.0 g/L HA and about 50 g/mL soy peptone. 

30 2. Bulk Volume Virus Freezing Rate and Lyophilization 

The method for producing a bulk volume, lyophilization stable virus 
composition comprises (a) placing a liquid virus composition having a volume of at 
least 50 mL in a lyophilization tray; (b) freezing the virus composition below its T g for 
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at least about twenty minutes in a liquid nitrogen bath; and (c) lyophilizing the virus 
composition, wherein the lyophilized virus composition has less than about a 0.5 log 
PFU loss relative to the virus composition before lyophilization. 

As described in Section B.2, the rate at which the small volume virus 
5 composition reaches its T g is critical for virus storage stability. Similarly, the rate at 
which the bulk volume virus composition reaches its T g is critical for virus storage 
stability. Thus, an important step for preparing bulk volumes of virus is freezing the 
virus composition below its glass transition temperature for at least about twenty 
minutes in a liquid nitrogen bath. Another important parameter for achieving bulk 

10 volume rapid freezing rates are the heat transfer properties, the composition and the 
configuration of the lyophilization tray. For example, a lyophilization tray with a large 
surface area further reduces the amount of time it takes for a bulk volume virus 
composition to reach its T g . Lyophilization trays are well known in the art and include 
stainless steel trays, glass tray, aluminum trays, plastic trays and Lyoguard® trays. 

15 In one embodiment, the lyophilization tray is a Lyoguard® lyophilization tray. The tray 
is especially designed for bulk lyophilization with good heat transfer property. It 
consists of a micro-porous membrane designed to prevent solid particles from 
"flashing" out of the tray during lyophilization cycle while\allowing good mass transfer 
of water vapor. 

20 The T g of the virus composition is a temperature of about -35°C. As stated 

previously, residual quantities (or "carry over") of sodium chloride from virus growth 
medium can further reduce the T g , but not below -50°C. 

In certain other embodiments, lyophilizing the virus composition is further 
defined as (a) placing the tray comprising the frozen virus composition at a 

25 temperature of about -50°C on a lyophilization shelf pre-cooled to a temperature of 
about -50°C and holding the temperature for about 60 minutes; (b) reducing chamber 
pressure to 0.10 Torr and increasing the shelf temperature from -50°C to -23°C at a 
rate of about 0.23°C per minute at about 0.10 Torr (c) holding the shelf temperature 
at about -23°C for about 80 hours to about 100 hours; (d) reducing chamber pressure 

30 to 0.02 Torr and increasing the shelf temperature from -23°C to 15°C at a rate of 
about 0.23°C per minute; (e) holding the shelf temperature at about 15°C and at 
about 0.02 Torr for about 30 hours to about 40 hours; (f) increasing the shelf 
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temperature from 15°C to 25°C at a rate of about 0.1 7°C per minute at 0.02 Torn (g) 
holding the shelf temperature at about 25°C and at about 0.02 Torr for about 10 
hours and (h) filling the chamber with nitrogen gas and hermetically sealing the tray 
under nitrogen gas in an aluminum pouch. 

5 In other embodiments, lyophilizing the bulk volume virus composition is 

further defined as (a) placing the tray comprising the frozen virus composition at a 
temperature of about -70°C on a lyophilization shelf pre-cooled to a temperature of 
about -70°C and holding the temperature for about 60 minutes; (b) reducing chamber 
pressure to 0.10 Torr and increasing the shelf temperature from -70°C to -23°C at a 

10 rate of about 0.23°C per minute; (c) holding the shelf temperature at about -23°C at 
about 0.10 Torr for about 80 to 100 hours; (d) reducing chamber pressure to 0.02 
Torr and increasing the shelf temperature from -23°C to 15°C at a rate of about 
0.23°C per minute; (e) holding the temperature at about 15°C and 0.02 Torr for about 
30 to 40 hours; (f) increasing the shelf temperature from 15°C to 25°C at a rate of 

15 about 0.1 7°C per minute at 0.020 Tprr; (g) holding the temperature at about 25°C for 
about 10 hours and (h) filling the chamber with nitrogen gas and hermetically sealing 
the tray under nitrogen gas in an aluminum pouch. 

The lyophilized bulk volume virus composition (i.e., the lyophilized cake) has 
less than about a 1.0 log PFU loss resulting from lyophilization, and less than about a 

20 1.0 log PFU loss after one year of storage at about 1°C to about 10°C (e.g., see 
Example 4). 

D. Liquid Virus Compositions 

In another embodiment, the invention is directed to a process for producing 
25 storage stable liquid virus compositions. In one embodiment, the invention is 
directed to a process for producing storage stable liquid virus compositions 
comprising RSV, PIV, or a combination thereof. The process comprises (a) 
equilibrating a metal plate in a liquid nitrogen bath; (b) placing a liquid virus 
composition in a suitable container means; (c) inserting the container of step (b) into 
30 a metal container holder; (d) placing the metal container holder on the equilibrated 
metal plate of step (a) for about ten minutes; (e) removing the container from the 
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metal container holder and (f) storing the container at a temperature from about 
-20°C to about -70°C. 

1 . Liquid Virus Freezing and Thawing 

5 As set forth in step (f), the container comprising the frozen virus composition 

is stored at about -20°C to about -70°C. Thawing the virus composition at room 
temperature brings the virus compositions back to the liquid state, wherein the 
thawed liquid virus composition has less than about a 0.5 log PFU loss after 6 
months storage. In one embodiment, the thawed liquid virus composition is at least 

10 4.0 log PFU/0.2 mL In another embodiment, the thawed liquid virus composition is 
at least 4.0 log PFU/0.2 mL after a six month storage at a temperature of -20°C. In 
other embodiments, the thawed liquid virus composition is at least 4.0 log PFU/0.2 
mL after a six month storage at a temperature of -70°C. 

Typically, a suitable container means, with respect to a liquid virus 

15 composition, is a container which withstands temperatures in the range between 
about -20 p C to about -TO^C. For example, a suitable container means for the 
production of storage stable liquid compositions is a vial, a tube, a syringe or a nasal 
spray device. In a certain embodiments, the container is a nasal spray device. In 
one embodiment, the nasal spray device is a BD Accuspray™ nasal spray device, 

20 available from BD Pharmaceutical Systems (Franklin Lakes, NJ) or a similar nasal 
spray device. 

The rate at which the liquid virus composition freezes is critical for virus 
storage stability (e.g., see Example 5). A liquid nitrogen bath is used to rapidly 
freeze the virus composition. The metal plate in step (a) is any metal which 
25 adequately transfers heat to the liquid nitrogen bath and away from the metal 
container holder of step (c). Similarly, the metal container holder in step (c) is any 
metal which transfers heat to the metal plate and away from the container comprising 
the virus. In one embodiment, the metal container holder is aluminum. In another 
embodiment, the metal container holder is stainless steel. 

30 

2. Liquid Virus Formulation 
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A liquid virus composition is formulated with a pharmaceutical^ acceptable 
carrier which includes buffers, saline solutions, water, water for injection (WFI), 
sugars, amino acids, cryoprotectants, and the like. 

The liquid virus compositions set forth supra, are formulated in a 5.0 mM to 
5 about 20 mM phosphate buffer solution comprising sodium and/or potassium 
monobasic and dibasic salts and having pH of about 6.5 to about 7.8. In one 
embodiment, the 5.0 mM to about 20 mM phosphate buffer solution further 
comprises about 0.25 mM to about 25 mM HEPES. In other embodiments, the 5.0 
mM to about 20 mM phosphate buffer solution further comprises about 0.01 mM to 
10 about 1 mM magnesium chloride, and about 0.01 mM to about 1 mM calcium 
chloride. 

In certain embodiments, the liquid virus composition is formulated in a 10 mM 
phosphate buffer solution comprising sodium and/or potassium monobasic and 
dibasic salts and having a pH of about 6.5 to about 7.8. In other embodiments, the 

15 10 mM phosphate buffer solution further comprises about 0.25 mM to about 25 mM 
HEPES. In certain other embodiments, the 10 mM phosphate buffer solution further 
comprises about 0.01 mM to about 1 mM magnesium chloride and about 0.01 mM to 
about 1 mM calcium chloride. 

In one embodiment, the 5.0 mM to about 20 mM phosphate buffer solution 

20 (pH of about 6.5 to about 7.8) comprising about 0.25 mM to about 25 mM HEPES, 
about 0.01 mM to about 1 mM magnesium chloride and about 0.01 mM to about 1 
mM calcium chloride, further comprises sucrose, L(+)-glutamic acid or L(+)-gIutamic 
acid monosodium salt or a mixture thereof, and human albumin (HA). In other 
embodiments, the 5.0 mM to about 20 mM phosphate buffer solution (pH of about 6.5 

25 to about 7.8) comprising about 0.25 mM to about 25 mM HEPES, about 0.01 mM to 
about 1 mM magnesium chloride and about 0.01 mM to about 1 mM calcium 
chloride, further comprises about 75 g/L sucrose and about 4.9 mM L(+)-glutamic 
acid or about 4.9 mM L(+)-glutamic acid monosodium salt or a mixture thereof. 

In still other embodiments, the 10 mM phosphate buffer solution (pH of about 

30 6.5 to about 7.8) comprising about 0.25 mM to about 25 mM HEPES, about 0.01 mM 
to about 1 mM magnesium chloride and about 0.01 mM to about 1 mM calcium 
chloride, further comprises about 75 g/L sucrose and about 4.9 mM L(+)-glutamic 
acid or 4.9 mM L(+)-glutamic acid monosodium salt or a mixture thereof. 
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The liquid frozen virus composition (i.e., frozen in a spray device or vial) has 
less than about a 0.5 log PFU loss after "fast" freezing, and less than about a 0.5 log 
PFU loss after 6 months of storage at about -20°C to about -70°C (e.g., see Example 
5 and Tables 9-12). In yet another embodiment, the liquid frozen virus composition is 
5 at least 4.0 log PFU per 0.2 mL after 6 months of storage at about -20°C to about - 
70°C. 

E. Immunogenic Virus Compositions 

In certain embodiments, the invention provides immunogenic compositions 
10 comprising a storage stable (frozen) liquid virus compositions comprising RSV, PIV, 
or a combination thereof, produced according the methods of the invention. In other 
embodiments, the invention provides immunogenic compositions comprising a 
storage stable (frozen) liquid virus compositions comprising herpes simplex virus, 
cytomegalovirus, Epstein-Barr virus, Varicella-Zoster virus, mumps virus, measles • 
15 virus, influenza virus, poliovirus, rhinovirus, adenovirus, hepatitis A virus, hepatitis B 
virus, hepatitis C virus, Norwalk virus, togavirus, alphavirus, rubella virus, rabies 
virus, Marburg virus, Ebola virus, papilloma virus, polyoma virus, metapneumovirus, 
coronavirus, vesicular stomatitis virus, Venezuelan equine encephalitis virus and the 
like. 

20 In certain embodiments, the frozen liquid immunogenic compositions are 

comprised in a nasal spray device. Typically, a storage stable (frozen) liquid virus 
composition of the invention is formulated and processed for administration to a 
mammalian subject using a liquid formulation and process of the invention (e.g., see 
Section D, Example 1 and Example 5), stored as a frozen liquid and thawed prior to 

25 administration to said mammalian subject. 

In certain embodiments, a storage stable virus composition of the invention is 
a lyophilized solid (or lyophilized cake) composition. In particular embodiments, a 
storage stable lyophilized virus composition is dissolved, diluted or suspended in a 
pharmaceutical^ acceptable carrier and provided as an immunogenic composition 

30 suitable for administration to a mammalian subject (e.g., a human). Thus, such 
lyophilized compositions typically comprise the "immunogenic" composition (e.g., an 
attenuated RSV and/or attenuated PIV virus) and a "pharmaceutical^ acceptable 
carrier". As used hereinafter, the language "pharmaceutical^ acceptable carrier" is 
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intended to include any and all solvents known in the art to be compatible with 
pharmaceutical administration. The use of such media and agents for 
pharmaceutical^ active substances is well known in the art. Except insofar as any 
conventional media or agent is incompatible with the active compound (e.g., RSV or 
5 PIV), such media are used in the compositions of the invention. 

Thus, an immunogenic composition of the invention is formulated to be 
compatible with its intended route of administration. Examples of routes of 
administration include parenteral (e.g., intravenous, intradermal, subcutaneous, 
intramuscular, intraperitoneal), mucosal (e.g., oral, rectal, intranasal, buccal, vaginal, 

10 respiratory) and transdermal (topical).. For example, a storage stable lyophilized 
virus immunogenic composition to be administered as an intranasal spray includes 
one or more of the following components: a sterile diluent such as water for injection, 
a saline solution, a buffers (e.g., acetates, citrates or phosphates) and agents for the 
adjustment of tonicity such as sodium chloride or dextrose. The pH is adjusted with 

15 acids or bases, such as hydrochloric acid or sodium hydroxide. The immunogenic 
composition is enclosed in a spray device, an ampoule, a disposable syringe or a 
single/multiple dose vial made of glass or plastic. 

It is especially advantageous to formulate parenteral compositions in dosage 
unit form for ease of administration and uniformity of dosage. Dosage unit form as 

20 used hereinafter refers to physically discrete units suited as unitary dosages for the 
subject to be treated; each unit containing a predetermined quantity of active 
compound calculated to produce the desired therapeutic effect in association with the 
required pharmaceutical carrier. The specification for the dosage unit forms of the 
invention are dictated by and directly dependent on the unique characteristics of the 

25 active compound and the particular therapeutic effect to be achieved, and the 
limitations inherent in the art of compounding such an active compound for the 
treatment of individuals. 

A pharmaceutical^ acceptable vehicle is understood to designate a 
compound or a combination of compounds entering into a pharmaceutical or 

30 immunogenic composition which does not cause side effects and which makes it 
possible, for example, to facilitate the administration of the active compound, to 
increase its life and/or its efficacy in the body, to increase its solubility in solution or 
alternatively to enhance its preservation. These pharmaceutically acceptable vehicles 
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are well known and will be adapted by persons skilled in the art according to the 
nature and the mode of administration of the active compound chosen. 

All patents and publications cited herein are hereby incorporated by 
reference. 

5 

F. Examples 

The following examples are carried out using standard techniques, which are 
well known and routine to those of skill in the art, except where otherwise described 
in detail. The following examples are presented for illustrative purpose, and should 
10 not be construed in any way as limiting the scope of this invention. 

Example 1 

RSV and PIV Formulation Components 

The RSV and/or PIV samples described herein were formulated in one of the 
15 following phosphate buffered recipes, designated as "Formulation A1" through 
"Formulation E2", as follows: 

Formulation A1 : 10 mM phosphate buffer (pH 7.0) comprising 2.5 mM 
HEPES, 0.1 mM magnesium chloride, 0.1 mM calcium chloride, 0.49 mM 
L(+)-glutamic acid, 50 g/L sucrose and 1.0 g/L HA. HA is Grifols® 20% (w/v) Human 
20 Albumin (Grifols USA, Los Angeles, CA; Catalogue No. 61953-0001-1). 

Formulation A2 : 10 mM phosphate buffer (pH 7.0) comprising 12.5 mM 
HEPES, 0.5 mM magnesium chloride, 0.5 mM calcium chloride, 2.45 mM 
L(+)-glutamic acid, 50 g/L sucrose and 1 .0 g/L HA. 

Formulation A3 : 10 mM phosphate buffer (pH 7.0) comprising 2.5 mM 
25 HEPES, 0.1 mM magnesium chloride, 0.1 mM calcium chloride, 0.49 mM 
L(+)-glutamic acid, 50 g/L sucrose and 1.0 g/L recombinant HA. Recombinant HA is 
20% (w/v) human albumin expressed in yeast cells and sold under the trade name 
Recombumin® (Delta Biotechnology Ltd., Nottingham, United Kingdom) 

Formulation A4 : 10 mM phosphate buffer (pH 7.0) comprising 12.5 mM 
30 HEPES, 0.5 mM magnesium chloride, 0.5 mM calcium chloride, 2.45 mM 
L(+)-gIutamic acid, 50 g/L sucrose and 1.0 g/L recombinant HA. 
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Formulation B1 : 10 mM phosphate buffer (pH 7.0) comprising 2.5 mM 
HEPES, 0.1 mM magnesium chloride, 0.1 mM calcium chloride, 0.49 mM 
L(+)-glutamic acid, 50 g/L sucrose and 10 g/L HA. 

Formulation B2 : 10 mM phosphate buffer (pH 7.0) comprising 12.5 mM 
5 HEPES, 0.5 mM magnesium chloride, 0.5 mM calcium chloride, 2.45 mM 
L(+)-glutamic acid, 50 g/L sucrose and 10 g/L HA. 

Formulation B3 : 10 mM phosphate buffer (pH 7.0) comprising 2.5 mM 
HEPES, 0.1 mM magnesium chloride, 0.1 mM calcium chloride, 0.49 mM 
L(+)-glutamic acid, 50 g/L sucrose and 10 g/L recombinant HA. 
10 Formulation B4 : 10 mM phosphate buffer (pH 7.0) comprising 12.5 mM 

HEPES, 0.5 mM magnesium chloride, 0.1 mM calcium chloride, 2.45 mM 
L(+)-glutamic acid, 50 g/L sucrose and 1 0 g/L recombinant HA. 

Formulation C1 ; 10 mM phosphate buffer (pH 7.0) comprising 2.5 mM 
HEPES, 0.1 mM magnesium chloride, 0.1 mM calcium chloride, 0.49 mM 
15 L(+)-glutamic acid, 50 g/L sucrose, 50 g/L soy peptone (Hy Soy®) and 1 .0 g/L HA. 

Formulation C2 : 10 mM phosphate buffer (pH 7.0) comprising 2.5 mM 
HEPES, 0.1 mM magnesium chloride, 0.1 mM calcium chloride, ,0.49 mM 
L(+)-glutamic acid, 50 g/L sucrose, 50 g/L soy peptone and about 1.0 g/L 
recombinant HA. 

20 Formulation C3 : 10 mM phosphate buffer (pH 7.0) comprising 2.5 mM 

HEPES, 0.1 mM magnesium chloride, 0.1 mM calcium chloride, 0.49 mM 
L(+)-glutamic acid, 50 g/L sucrose, 50 g/L soy peptone and about 1.0 g/L 
recombinant HA. 

Formulation C4 : 10 mM phosphate buffer (pH 7.0) comprising 12.5 mM 
25 HEPES, 0.5 mM magnesium chloride, 0.1 mM calcium chloride, 2.45 mM 
L(+)-glutamic acid, 50 g/L sucrose, 50 g/L soy peptone and about 1.0 g/L HA. 

Formulation D1 : 10 mM phosphate buffer (pH 7.0) comprising 2.5 mM 
HEPES, 0.1 mM magnesium chloride, 0.1 mM calcium chloride, 0.49 mM 
L(+)-glutamic acid, 50 g/L sucrose and 50 g/L soy peptone. 
30 Formulation D2 : 10 mM phosphate buffer (pH 7.0) comprising 12.5 mM 

HEPES, 0.5 mM magnesium chloride, 0.5 mM calcium chloride, 2.45 mM 
L(+)-glutamic acid, 50 g/L sucrose and 50 g/L soy peptone. 
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Example 2 

Effect of Freezing Rates on Potencies of Small Volume RSV 
and/or PIV Formulations During Lyophilization 

In this example, the freezing rates of small volume RSV and/or PIV 
5 formulations were studied to determine the optimal freezing conditions needed 
minimize virus potency loss. 

initially, three samples were tested containing LRSV-404, PIV3-cp45 and a 
combination of LRSV-404/PIV3-cp45 (Table 2). The viral bulks used in these 
formulations were prepared as clinical materials for Phase 1 and Phase 2 human 
10 clinical trials. Each virus sample was formulated using "Formulation AT, as set forth 
in Example 1 . The samples were filled in 2 mL vials (0.6 mL per vial), pre-cooled to a 
temperature of about 5°C and then placed on a pre-cooled (-50°C) shelf of the 
lyophilizer. The glass transition temperature (Tg) of the virus composition (about 
-35°C ±5°C) was reached in approximately forty minutes, corresponding to a freezing 
15 rate of about -1 .0°C per minute. After freezing, a lyophilization cycle was applied that 
included primary drying at Q°C, followed by secondary drying at 15°C. 

Table 2 

Potency of Small Volume Virus Formulations Before and After 
20 Lyophilization 



Virus 


Potency (log PFU/mL) 
Before Lyophilization 


Potency (log PFU/mL) 
After Lyophilization* 


LRSV-404 


6.5 


6.5 


PIV3-cp45 


7.7 


7.1 


LRSV-404 1 


6.5 


6.3 


! PIV3-CP45 1 


7.7 


7.5 



(a) * = Samples where frozen at -1 °C/minute 

(b) LRSV-404 1 ; the potency of LRSV-404 1 as determined from a combined 
LRSV-404/PIV-cp45 formulation. 

25 (c) ' PIV-cp45 1 ; the potency of PIV-cp45 1 as determined from a combined 

LRSV-404/PIV-cp45 formulation. 

Virus potency testing was performed for initial virus bulks, the virus material in 
vials after the freezing step and the lyophilized samples (immediately after 
30 lyophilization). RSV was tested using the Plaque Form Unit (PFU) Assay and Vero 
cells (ATCC Catalogue No. CCL-18). The assay included (a) the preparation of cell 
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monolayers in 24-well plates, (b) the preparation of 10-fold dilutions of reference and 
test samples, (c) infection of the cells, (d) incubation of plates for about 5 days at 
32°C and 5% C0 2 and (e) fixation of cells and immunostaining to visualize the 
plaques. PIV was tested using the Plaque Form Unit (PFU) Assay and LCC-MK2 
5 cells that included (a) the preparation of cell monolayers in 24-well plates, (b) the 
preparation of 10-fold dilutions of reference and test samples, (c) infection of the 
cells, (d) incubation of plates for about 4 days at 32°C and 5% C0 2 and (e) fixation of 
cells and immunostaining to visualize plaques. For both assays, the results of 
potency testing were considered as acceptable, if the potency of reference samples 

10 determined from the assay was within ±0.5 log PFU of the registered value. 

Results of potency testing performed for RSV, PIV and RSV/PIV formulations 
are shown in Table 2. The data indicate minimal potency loss for formulations frozen 
at a rate of about -1 .0°C per minute. The results of this experiment also confirmed 
that RSV and PIV are compatible in a combined formulation. 

15 RSV. and/or PIV stability was further tested at faster (-2°C/minute; Table 6) 

and slower (-0.3°C/minutes; Table 3) freezing rates and with varying concentrations 
of recombinant HA (rHA), HA, soy peptone and combinations thereof. The virus 
samples comprised LRSV-404, LRSV-rA38, LRSV-rA42 or PIV3-cp45 liquid viral 
bulks prepared for Phase 1 and Phase 2 human clinical trials. Each virus sample 

20 was formulated using the formulation as indicated in the second column of Tables 3- 
6. The virus samples were filled in a 2 mL vial (0.5 mL per a vial), pre-cooled to a 
temperature of about 5°C and then placed on a shelf of the lyophilizer. The frozen 
samples were lyophilized using cycles that included primary drying at 0°C followed by 
secondary drying at 15°C. . 

25 Potency testing was performed for initial viral bulks, materials in vials after 

freezing and lyophilized samples (immediately after lyophilization). The potency 
testing results indicated a significant reduction of RSV or PIV potencies in samples 
frozen at about -0.3°C per minute (Table 3) and a high stability of RSV or PIV in 
formulations frozen at faster rates of -1°C per minute (Table 4 and Table 5) and -2°C 

30 per minute (Table 6). 
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Table 3 

Potency of Small Volume RSV Formulations Frozen at -0.3°C/minute 



Virus 


Formulation 1 


Potency (log PFU/mL) 
Before Lyophllization 


Potency (log PFU/mL) 
After Lyophilization 


Freezing 
Rate 


RSV-404 


A1 


7.1 


3.4 


-0.3°C/min 


RSV-404 


A3 


7.2 


3.8 


-0.3°C/min 


RSV-404 


B1 


7.1 


4.2 


-0.3°C/min 


RSV-rA42 


A2 


6.3 


3.9 


-0.3°C/min 


RSV-rA42 


A4 


6.1 


3.6 


-0.3°C/min 


RSV-rA42 


B2 


6.3 


3.4 


-0.3°C/min 


RSV-rA42 


C3 


6.1 


4.9 


-0.3°C/min 


RSV-rA42 


D2 


6.1 


4.4 


-0.3°C/min 



Formulation 1 = Formulations A1-A4, B1, B2, C3 and D2 are described in Example 1. 
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Table 4 

Potency of Small Volume PIV Formulations Frozen at -1°C/minute 



Virus 


Formulation 1 


Potency (log PFU/mL) 
Before Lyophilization 


Potency (log PFU/mL) 
After Lyophilization 


Freezing 
Rate 


PIV3-cp45 


A1 


7.0 


6.6 


-1°C/min 


PIV3-cp45 


A3 


7.0 


6.7 


-1°C/min 


PIV3-cp45 


B1 


7.0 


6.4 


-1°C/rnin 


PIV3-cp45 


B3 


7.0 


6.6 


-1°C/min 


PIV3-cp45 


C1 


7.0 


6.5 


-1°C/min 


PIV3-cp45 


C3 


7.0 


6.3 


-1°C/min 


PIV3-cp45 


D1 


7.0 


6.5 


-1°C/min 



Table 5 

Potency of Small Volume RSV Formulations Frozen at -1°C/minute 



Virus 


Formulation 1 


Potency (log PFU/mL) 
Before Lyophilization 


Potency (log PFU/mL) 
After Lyophilization 


Freezing 
Rate 


LRSV-404 


A1 


6.6 


6.3 


-1°C/min . 


LRSV-404 


C1 


6.5 


6.0 


-1°C/min 


LRSV-rA42 


A2 


5.9 


5.8 


-1°C/min 


LRSV-rA42 


D2 


5.9 


6.0 


-1°C/min 


LRSV-rA38 


A2 


5.7 


5.4 


-1°C/min 


LRSV-rA38 


B2 


5.4 


5.1 


-1°C/min 


LRSV-rA38 


C4 


5.7 


5.3 


-1°C/min 


LRSV-rA38 


D2 


5.4 


4.8 


-1°C/min 



10 



Formulation = Formulations A1, A2, B2, C1, C4 and D2 are described in Example 1. 

Table 6 

Potency of Small Volume RSV and PIV Formulations Frozen at -2°C/minute 



Virus 


Formulation 1 


Potency (log PFU/mL) 
Before Lyophilization 


Potency (log PFU/mL) 
After Lyophilization 


Freezing 
Rate 


PIV-cp45 


B1 


7.3 


6.9 


-2°C/min 


LRSV-404 


B1 


6.3 


6.0 


-2°C/min 


LRSV-rA38 


B2 


5.5 


5.5 


-2°C/min 


LRSV-rA38 


B4 


5.5 


5.3 


-2°C/min 



15 
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Example 3 

Storage Stability of Small Volume Formulations Comprising RSV or PIV 

Storage stability of formulations described in Example 2 were evaluated by 
potency testing at different time points that included 3-month, 6-month, 9-month and 
5 12-month storage at 5°C. Stability data are summarized in Table 7 below, wherein 
the data demonstrate minimum potency losses of the virus compositions up to one- 
year of storage at 5°C. The Formulation column in Table 7 represents the 
formulations designated in Example 1 . 
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Example 4 

Effect of Freezing Rates on Potency of Bulk Volume RSV and/or P1V 
Formulations During Lyophilization 

To optimize the lyophilization process of large-scale production of 
5 immunogenic compositions comprising RSV, a PIV, or a combination thereof, 
different freezing rates for bulk (large) volume RSV or PIV formulations were tested. 

The bulk RSV-404 formulation, comprising 10 mM phosphate buffer pH 7.0 
(2.5 mM HEPES, 0.1 mM magnesium chloride, 0.1 mM calcium chloride, 0.49 mM 
L(+)-glutamic acid monosodium salt, 50 g/L sucrose and 1 g/L of HA) was prepared 
10 and lyophilized in a 1-L Lyoguard® lyophilization tray. Freezing of the material was 
performed on the shelf of a lyophilizer. by reducing shelf temperature from 5°C to - 
45°C in 45 minutes. The lyophilization tray remained on the shelf (at -45°C) for an 
additional 5 hours to allow the formulation to freeze below glass transition 
temperature. The actual time to reach the glass transition temperature (about -35°C) 
15 was about 2 hours, which corresponded to a freezing rate of about -0.3°C per minute. 
Subsequently, a 90 hour lyophilization cycle was applied, that included primary 
drying at 0°C followed by secondary drying at 15°C. The initial formulated bulk and 
the lyophilized material were tested for potency by PFU Assay. 

In another experiment, formulation with LRSV-rA39 was prepared using the 
20 same formulation, but the material was lyophilized using small size aluminum trays 
with 50-mL capacity. The material was frozen on a shelf of lyophilizer by reducing 
temperature from 5°C to ^*0°C in 60 minutes. The actual time to reach the glass 
transition temperature of the material (about -35°C) was about 1.5 hours, which 
corresponded to a freezing rate of about -0.4°C per minute. Subsequently, a 24 hour 
25 lyophilization cycle was applied that included primary drying at 0°C followed by 
secondary drying at 15°C. The initial formulated bulk and the lyophilized material 
were tested for potency by PFU Assay. 

Alternatively, two other RSV formulations were prepared using bulk 
lyophilization in 1-L Lyoguard® lyophilization trays. The LRSV-rA38 and LRSV-404 
30 (grown in serum free medium) were formulated separately with 10 mM phosphate 
(pH 7.0) comprising 12.5 mM HEPES, 0.5 mM magnesium chloride, 0.5 mM calcium 
chloride, 2.45 mM L(+)-glutamic acid, 50 g/L sucrose and 1 0g/L of HA. The virus 
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compositions were frozen by sinking the trays into a liquid nitrogen bath for at least 
20 minutes. The lyophilization trays were then placed on a pre-cooled (-50°C) 
lyophilization shelf and lyophilized using a 120 hour cycle that included (a) initiation 
of primary drying with vacuum set to 0.10 Torr; (b) a temperature ramp (at 

5 0.23°C/minute) to a shelf temperature of -23°C; (c) holding the temperature at -23°C 
for 80-100 hours; (d) initiation of secondary drying with vacuum set at 0.02 Torn (e) a 
temperature ramp (at 0.13°C/minute) to a shelf temperature of 15°C; (f) holding the 
temperature at 15°C for 30-40 hours; (g) ramping the temperature (at 0.17°C/minute) 
to a shelf temperature of 25°C and (h) holding the temperature at 25°C for 10 hours. 

10 Samples of formulated virus bulks and lyophilized materials were tested for 

potency in PFU Assay. Listed in Table 8 below are data confirming that freezing 
rates are critical for preservation of virus potency during lyophilization cycles. 
Freezing of trays on lyophilization shelves ("slow freezing") resulted in significant 
potency loss in lyophilized materials (Table 8, column 2) relative to freezing the trays 

15 with liquid nitrogen ("fast freezing"), in which potency loss was negligible (Table 8, 
column 3). 

Table 8 

Effect of Freezing Rate on RSV Potency During Bulk Lyophilization 

20 ND* = Not determined 



Potency loss after bulk lyophilization (log PFU) 


Strain 


Freezing in lyophilizer 


Fast freezing with liquid nitrogen 


LRSV-404 


-1.2 


ND 


LRSV- rA39 


-3.5 


ND 


LRSV-404 


ND* 


0 


LRSV-rA38 


ND* 


-0.6 



Example 5 

Fast Freezing of Liquid RSV Formulations Filled in Nasal Spray Devices 
25 A liquid formulation of LRSV-rA38 (grown in serum free medium) was 

prepared in a 10 mM phosphate buffer solution (pH 7.5) comprising 25 mM HEPES, 
1.0 mM magnesium chloride, 1.0 mM calcium chloride, 75 g/L sucrose and 4.9 mM 
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L(+)-glutamic acid. The formulation was filled into BD Accuspray™ nasal spray 
devices (0.23 mL per a device) and each nasal spray device was inserted into a well 
of an aluminum nasal spray holder (e.g., see FIG. 1) designed and manufactured by 
Applicant. The nasal spray holder was made from an aluminum block having 96 

5 wells, wherein the well diameter is 0.5 mm greater than the diameter of the nasal 
spray device. The wells are deep enough to allow the virus sample within each nasal 
spray device to be below top surface of the holder (FIG. 1). 

At the time of filling the nasal spray devices, a stainless steel plate (with 
dimensions 0.3 m x 0.2 m x 0.02 m) was placed into a cryocontainer filled with liquid 

10 nitrogen and the plate was equilibrated in the liquid nitrogen (i.e., until the liquid 
nitrogen stopped boiling). After equilibration, the volume of the liquid nitrogen in the 
cryocontainer was adjusted such that there was enough volume to touch the metal 
plate, but not touch the nasal spray holder. The nasal spray holder, containing the 
filled nasal spray devices, was placed on top of the "frozen" plate inside the 

15 cryocontainer and allowed to "fast freeze" for at least ten minutes. The nasal spray 
devices were subsequently removed from the nasal spray holder, wherein half of the 
nasal spray devices were stored in a freezer that was set at -70°C and other half of 
the nasal spray devices were stored in a freezer that was set at -20°C. 

A liquid formulation of LRSV-404 (grown in serum free medium) was also 

20 prepared in a 10 mM phosphate buffer solution (pH 7.5) comprising 2.5 mM HEPES, 
0.1 mM magnesium chloride, 0.1 mM calcium chloride, 75 g/L sucrose and 4.9 mM 
L(+)-glutamic acid. The formulation was filled into BD Accuspray™ nasal spray 
devices (0.23 mL per a device), "fast" frozen and stored as described above. 

Alternatively, liquid LRSV-rA38 and liquid LRSV-404 samples were 

25 formulated and filled into the nasal spray devices as described above, but the 
freezing was performed by placing the nasal spray holders on a shelf of a regular 
freezer cooled at -70°C and allowed to freeze for 24 hours ("slow" freezing). The 
data in FIG. 2 show the kinetics of "fast" freezing (FIG. 2, filled squares) and "slow" 
freezing (FIG. 2, open squares). Subsequently, half of the nasal spray devices were 

30 stored in a freezer that was set at -70°C and other half of the nasal spray devices 
were stored in a freezer set at -20°C. 

Storage stability of the samples was evaluated by potency testing at 0-month, 
1 -month, 3-month, 4-month and 6-month time points. The nasal spray devices (3 
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devices per each time point) were thawed at room temperature for about one hour. 
The contents of each nasal spray device was released into a tube and then tested for 
potency using PFU Assay. 

The data presented in Tables 9-12 summarize the effect a faster freezing rate 
5 on the stability of liquid RSV formulations. 

Table 9 

The Storage Stability (Potency) of a Liquid LRSV-rA38 Formulation 
Frozen At -1 96°C and Stored at either -20°C or -70°C 

10 





Potency (log PFU/mL) 


Time 
(Months) 


-20°C Storage 
Temperature 


-70°C Storage 
Temperature 


0 


5.6 


5.5 


1 


5.7 


5.5 


3 


5.6 


5.5 


4 


5.6 


5.6 


6 


5.6 


5.6 



**The potency of the liquid LRSV-rA38 
formulation before freezing at -196°C was 5.6 
(log PFU/mL). 

15 

Table 10 

The Storage Stability (Potency) of a Liquid LRSV-rA38 Formulation 
Frozen At -70°C and Stored at either -20°C or -t70°C 

20 





Potency (log PFU/mL) 


Time 
(Months} 


-20°C Storage 
Temperature 


-70°C Storage 
Temperature 


0 


5.1 


5.1 


1 


4.7 


5.1 


3 


5.0 


5.0 


4 


5.2 


4.6 


6 


4.8 


5.2 



"The potency of the liquid LRSV-rA38 
formulation before freezing at -70°C was 5.6 
(log PFU/mL). 

25 
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Table 11 

The Storage Stability (Potency) of a Liquid LRSV-404 Formulation 
Frozen At-196°C and Stored at either -20°C or-70°C 





Potency (log PFU/mL) 


Time 
(Months} 


-20°C Storage 
Temperature 


-70°C Storage 
Temperature 


0 


5.9 


5.9 


1 


5.8 


5.6 


3 


6.1 


6.1 


4 


6.0 


5.9 


6 


5.9 


6.0 



5 

**The potency of the liquid LRSV-404 formulation 
before freezing at -196°C was 6.2 (log 
PFU/mL). 

10 

Table 12 

The Storage Stability (Potency) of a Liquid LRSV-404 Formulation 
Frozen At -70°C and Stored at either -20°C or -70°C 





Potency (log PFU/mL) 


Time 
(Months^ 


-20°C Storage 
: Temperature 


-70°C Storage 
Temperature 


0 


4.1 


4.1 


1 


3.2 


3.7 


3 


5.0 


4.5 


4 


4.9 


3.6 


6 


4.2 


3.4 ■' 



15 

**The potency of the liquid LRSV-404 formulation 
before freezing at -70°C was 6.2 (log PFU/mL).. 



20 It was observed from these data, that the RSV formulations frozen with the 

liquid nitrogen ("fast" freezing) were stable at both storage temperatures (-20°C and 
-70°C) (Table 9 and Table 11). The RSV formulations frozen on the shelf of the 
freezer at -70°C ("slow" freezing) showed decreases in potencies and high variability 
of potency at different time points (Table 10 and Table 12). 

25 The influence of the freezing on spray performance was evaluated by 

measurement of Droplet Size Distribution using a Malvern SprayTec Particle Sizer. 
The analysis was performed for spray devices filled with the liquid LRSV-rA38 
formulation described above. Droplet Size Distribution was measured for spray 
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devices (ten devices per test) as follows: (a) nasal spray device filfed with RSV, but 
not frozen, (b) nasal spray device filled with RSV, frozen in liquid nitrogen and stored 
for 3 month at -70°C, (c) nasal spray device filled with RSV, frozen in liquid nitrogen 
and stored for 3 month at -20°C, (d) nasal spray device filled with RSV, frozen in a 

5 -70°C freezer and stored for 3 month at -70°C, and (e) nasal spray device filled with 
RSV, frozen in a -70°C freezer and stored for 3 month at-20°C. 

Since the BD Accuspray™ nasal spray device is designed to perform an 
intranasal vaccination by 2 consecutive sprays (separately to each nostril), each 
spray was analyzed. The value of fraction of droplets (%) with a particle size less 

10 than 10 jam was used as criterion (increase of mass of the fraction with the particle 
size less than 10 was unacceptable). The results of the analysis are summarized 
in Table 13. The freezing and 3-month storage of frozen spray devices did not affect 
spray performance. There was no increase observed in total mass of droplets with a 
diameter less than 10 |im. 

15 
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